SYNOPSIS
INTRODUCTION
The durability of concrete structure and crack are closely related. The deterioration of concrete may be caused by the _.at.tack by harmful liquids and gasses through crack. Furthermore, in the case of reinforced concrete, the penetration of moisture and air. . will result in the corrosion of steel.
On the other hand, limit state design method has become accepted as an alternative to working stress design method in designing of concrete structures throughout the world. In this design method, not only the strength characteristics but also the deformation characteristics should be well understood. In checking the serviceability limit states, the calculated width of crack and the deflection must be smaller than the specified limits.
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In order to predict correct deformations, the estimation of the reasonable values of shrinkage and creep strains, which cause crack and deflection, is very important as a presupposition in checking the serviceability limit states or the durability of concrete structures.
In such a background, the prediction methods of these strains and their application to design are being investigated very actively, and various prediction methods for these strains are presented in the codes of many countries.
In this study, the new prediction equations of shrinkage and creep are proposed on the basis of many experimental results by the authors, and their adequacy is investigated. Furthermore, the characteristics and applications of the prediction equations presented in the codes of many countries are also discussed.
PREDICTION OF SHRINKAGE AND CREEP
The typical prediction equations of shrinkage and creep were proposed by Rusch The principal factors which are adopted in these equations are summarized in Table 1 . As is evident from Table 3 .
For prestressed concrete, * age when loadi..n;J starts creep coefficients shown in Table 5 Conditions for calculating Table 4 can be used. The conditions for calculating creep coefficients shown in Table 4 are shown in 
. : Table 4 .
is given by the following equation:
where, A is the cross-sectional area, and u is the area exposed to drying, including internal surfaces. The values of A are 2 and 3, when the ambient relative humidity are 70% Table 6 In Table 6 , the spe are considered as 0 especially 300/150 standard concrete.
Group Band C are h~gh and low strength concrete specimens, respectively. The standard concrete is used for the caleffect of reduction in strain due to Fig.2 The relation between f'c/C and shrinkage constraints by reinforcements in concrete.
Fig .2 shows the relationship between the predicted shrinkage of concretes shown in Table 6 except standard concrete and compressive strength per unit weight of cement in concrete. The reason, by which we chose such an abscissa, is that shrinkage decreases with strength and increases with cement content. The predicted shrinkage by Ba~ant,'s equation shows the above-mentioned tendency.
Fig .3 shows the shrinkage test results of concretes in Table 6 except the standard concrete: It is clear that shrinkage decreases with the parameter of f'c/C.
The items which affect shrinkage can be divided into three categories, such as properties of concrete, ambient conditions and geometries of specimen.
Among these items, the influences of the factors which r.elate to the proper-
ties of concrete are not well consider- 
00 c where, Yc represents the product of the applicable correction factors.
Under the standard condition, y is equal to 1. Therefore, under c ordinary condition, the creep coefficient predicted by ACI-209 equation is smaller than 2.35 in general. When volume surface ratio (V/S) is equal to 38mm, the correction factor is equal to 1. In the case of this study, vis ratio is equal to 200 mm for outdoors, and therefore, the correction factor is equal to 0.677. Table 6 except for standard concrete and compressive strengths at the age of 28 days. The creep coefficients in As shown in Fig.7 , experimental results indicate that creep decrease with increase in the strength of concrete. (1) Shrinkage equation 
16o--.------.----r-----r----,

SH(t) = SH .S(t) ---------------------------------------------
f'(28) = 1.
59·C -4.07·W + 554 -------------------------------
where, SH (t) =predicted shrinkage (X1 0-5 ) , SH =ul timate shrinkage (X1 0-
)
n SHst=standard shrinkage, which is the shrinkage strain at the age of 98 days after drying starts (X10-s ), RH=ambient relative humidity (%), V/S=volume-surface ratio (em), C and W=cement and water content, respectively (kg/cm 3 ), f' (t)=compressive strength of concrete at the age of t days (kgf/cm 2 ), t=age of concrete (days), t =age when drying 0 starts (days) and t=duration of drying (=t-toidays).
(2) Creep equation
C(t) = BC(t) + DC(t) ----------------------------------------
-K
BC(t) = Bc n .[1-exp(-0.2614.t)] --~--------------------------(11) BC = 1.77.BC • (log t'r~9 ----------------------------------(12)
n st BC st = 1.50X1~3·C + 1.65.W/C -1.
-------------------------
K = 0.5·t,-0.1 -----------------------------------------------(13)
DC(t) = DC .[1-exp(-0.0305.t Y )] -----------------------------(15)
n DC = 94.9.DC • (1-RH/100) 0.36. (V/sr 2 .
where, C(t)=predicted specific creep (1) The equations must account for the effects of many significant factors on shrinkage and creep, and must be capable of representing the features and facts which were observed in experiments.
(2) The equations must be simple and be of convinient form for computer use.
(3) It must be easy to improve and reform the equations.
(4) The accuracy of the equations must be excellent.
OUTLINE OF EXPERIMENTS
An ordinary portland cement was used. The coarse and fine aggregates used were crushed stone and river sand, respectively. The physical properties of the aggregates are shown in Table 7 . The mix proportions of concretes used in the shrinkage tests are shown in Table 8 .
In the creep tests, the concretes except for N-220/360 and N-200/360
were used. The ages when drying starts and the loading ages were 3, 7, 14, 28 and 56 days. Ambient humidity were 60 and 80%R.H. In the shrinkage tests, 160 different prismatic specimens of 10X10X40 cm, 15X
15X53 cm and 30X30X120 cm were used. In creep tests, 104 different Table 8 at the age when drying starts.
In order to change the value of vIS, some surfaces of some specimens were sealed with paraffin as in Table 9 . Strain was measured by Whittmore strain meter. The Table 9 Specimen size and surface condition Table 8 The relationships between the predicted and experimental shrinkage (Fig.17) .
In Fig.18 Pr.clcted creep _ (xtO--an5'kgf) Fig.20 The relationships between the predicted and experimental creep except in Table 8 should be used.
In Figs 
